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Neurological Assessment of the Preterm Infant in the
Special Care Nursery and the Diagnostic Significance
of the Asymmetrical Tonic Neck Reflex
Neurological assessment at preterm age of
105 infants born at < 34 weeks gestation is
discussed. The development of theasymme-
trical t'enic neck reflex fA TNR) was studied.
There was no consistent post-menstrual age at
which the 7al/ocated grades occurred. The di- t
agnostic significance of the pretermATNR re-
sponse for motor development (until 2 years)
was considered. The incidence 01 an imposable
reflex dominating spontaneous movement was
significantly different (p<O.OOt) in the normal
(n =89) versus the abnormal development group
(n= 16;13 having spastic cerebral palsy). The
inclusion of obseNBtion of the quality of move-
ment for this reflex could provide useful infor-
mation in neur%giea/assessment of preterm
infants.
JOAN L. LACEY
Joan Lacey, Dip. Phys., is Physiotherapist in Charge
of Neurology and Perinatology at Royal Prince Alfred
Hospital, Camperdown, New South Wales.
DAVIDH ENDERSON..SMART
David Henderson-Smart,M.B.,B~S.,F.R.A.C. P.,Ph.0.,
is Director of the Intensive Care Nursery, Royal Prince
Alfred Hospital.
DEBORAH ,EDWARDS
Deborah Edwards, R.N., is Research Sister at Royal
Prince Alfred Hospital.
BRUCE STOREY
Bruce Storey, M.S., B.S., D.A.B.P., F.R.A.C.P., is Head
of Department of Perinatal Medicine at Royal Prince
Alfred Hospital.
This paper is based on one of the research findings presented by
Joan Lacey at the Australian ,Physiotherapy Association Second
International Congress, Perth, 1984 and the International Workshop
on Developmental Neurology of the Fetus and Pretermtnfantat
Groningen, The Netherlands, 1985.
. The increased survival of infants
born at very low gestational ages has
resulted in an increased incidence of
cerebral palsy (Hagberg et af 1984,
Kitchen et at 1982). This has created
the need for ,neurological assessment at
preterm age in the special care nursery,
to enable early identification of those
infants most at risk o,f later motor
handicap. This need is necessaryes-
pecially when the well, preterm infant
can be discharged (often to far country
areas) weeks before term equivalent
age.
Prechtl (1982) and Touwen (1978)
have stressed the importance of age
specific items in the assessment of pre..
mature infants. The selection of such
items is difficult as there is little quan,;.
titative data to document the preterm
development of reflexes in the infant
of low gestational age enjoying the
benefits of the modern intensive care
nursery. The interpretation of the
movement response to these reflexes is
more difficult when the present liter..
ature is considered. Reflexes at term
equivalent age were found to be 'brisk
and equal to term' by Saint Anne Dar-
gassies (1977), but 'weak and asym-
metrical byHowardet al (1976). The
findings for one reflex in particular,
the asymmetrical tonic neck reflex
(ATNR), are contradictory. Saint Anne
Dargassies (1977) stated 'in the pre..
mature infant (foetal age 35-37 weeks)
it is powerful, intense, brisk and
paroxysms, durable and the extended
lower limb remains lifted very high ,for
a long time'. In,contrast Brandt (1979)
found the positive reaction easy to sur-
mount.
The aim of this study was to longi-
tudinally document theATNR in the
low gestational age infant, while the
infant was in the intensive and/or spe-
cialcarenursery. The method of as-
sessmentemphasized the observation
of movement ,in strictly standardized
environmental and state criteria. The
movement response was analysed and
graded.
Follow-up to 2 years of age 'divided
the infants into two groups - those
whose motor development was witnin
the nQrmal range at each folloW-Up'
assessment and th' MCQd4 #~~j;tW:ho.,
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Table t:
The gestational age and sex of the population of infants divided by
motor outcome into normal and abnormal development.
Normal Development Abnormal Development
Male Female Total Male Female Total
the limbs. The infant in an incubator
was normally nursed naked except for
a nappy. The special size-adjusted dis-
posablenappywas very small and
therefore did not interfere with either
the position or movement of the leg.
During the examination in the incu-
bator, the port-holes were opened only
for. state stabilization or handling,and
then closed for all observations of
spontaneous movement. Monitoring
equipment for trancutaneous arterial
oxygen pressure (PaOJ, inspired ox-
ygen, breathing and heart rates and
temperature levels were observed dur-
ing this time. In addition, the infant's
colour and breathing movements were
constantly watched. Should sternal
recession or subcostal indrawing occur
with the breathing movements in the
supine position, the infant was imme-
diatelyreturned to prone. The stand-
ardization criteria for longitudinal ex-
amination included a one week delay
post birth; midway between feeds; a
stable state 3 or 4 (prechtl 1977) and
the absence of sucking. These criteria
have previously been detailed (Lacey
et 01 1985). The criteria were met by
only 3 infants at 28 weeks and 6 at 29
weeks. Medical care, inability tosta-
blize to an awake state, or the need
for continuing ventilatory support
spastic cerebral palsy and are listed ac-
cording to gestational age; infants 14-
16 were classified as showingdevel-
opment outside the range of normal
but did not have a motor handicap at
2 years of age. Infant 14 was micro-
cephalic with hypotonia in his first year.
Infants 15 and 16 had severe transient
dystonia during their first year. This
presented with increased lower limb ex-
tensor tone and upper limb flexor tone,
and gross delay in achieving early
motor milestones . However, at2 years
of age none of these three presented
with abnormal neurological signs.
2
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1
1
1
1
2
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2
2
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1
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2 1 3
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Assessment at Preterm Age
Infants ·were examined at intervals
of at least one .week while in the in-
tensive and special care nursery. The
principal examiner (J.L.L.) had pre-
viously established the assessment pro-
cedure and two assisting physio-
therapists assessed the infants under
the supervision of J .L.L.
Each examination was within the
infant's own incubator.or cot to main-
tain constant inspired oxygen and tem-
perature levels. This also minimized the
risk of cross infection. As the preterm
infant· has poor thermo-regulation, the
infant in the cot was not undressed,
but the gown was folded back to expose
development was outside the range of
normaL The results atpreterm age for
both groups were then considered
separately. To provide quantitative data
of theATNR atpreterm age, the age
of appearance, the movement response
and the intensity of the reflex were
considered in the normal outcome
group. [:he predictive value if any, of
a'differ~nt' movement response was
considered by contrasting the presence,
absence or dominance of the reflex in
the groups with later normal and
abnormal development.
Method
Population
All infants born at a confirmed ges-
tational age of less than 34 weeks at
King George V Hospital, Sydney, in
1981 and 1982,were eligible for in-
clusion in this study. Gestational age
was established from the date of the
mother's last menstrual period and/or
an obstetric ultrasound before the 20th
week of pregnancy. The Dubowitz et
of (1970) clinical assessment of gesta-
tional age was used to confirm age
soon afterbirth in the few cases where
the gestation was in doubt.
Only infants who had been assessed
two·or more times to standardized cri-
teria prior to 38 weeks post .menstrual
age and who had documented motor
fQIlow-up to 2 years of age (adjusted
for prematurity) remained in the study.
Post-menstrual age (PMA) is gesta-
tional age at birth plus age from birth,
ie the addition of in-utero to ex-utero
weeks. This resulted in ·a studypopu-
lationof 105 infants. The outcome
assessed up to 2 years of age divided
the infants into one group of 89 who
were always within the range of normal
and a second group of 16 outside the
range of normal motor development
(ABN). The gestational age and sex of
infants in both the normal and abnor-
mal groups is shown in Table 1. The
functional and anatomical diagnoses of
the individual infants of the ABN group
are listed in Table 2. Infants numbered
one to 13 were classified as having
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Table 2:
Age, sex and functional diagnosis of the infants with abnormal development (ABN) at 2 years. When available,
the information from cerebral ultrasound or C.A.T. scan is listed as the anatomical diagnosis. LV.H. =
intraventricular haemorrhage; V.P. shunt = ventriculo-peritoneal shunt. Infants asterisked are listed in
Table 3.
Infant Gestational Sex Functional Diagnosis Anatomical Diagnosis
Age At 2 Years (if available)
1 26 Female Spastic diplegia + global delay.
2* 27 Male Spastic diplegia.. I.V.H. -+ V.P. Shunt and leukomalacia.
3 27 Male Spastic diplegia with sensorineural Normal neo-natal ultrasound.
hearing loss.
4* 27 Female Spastic diplegia.
5 27 Female Spastic diplegia. Normal neo-natal ultrasound.
6 27 Male Spastic hemiplegia. Right porencephalic cyst.
7* 27 Male Spastic hemiplegia.
8 28 Male Spastic hemiplegia.
9* 29 Female Hemiplegia. Hydrocephalus -+ V.P. Shunt.
10* 30 Male Motor delay. Minimal Hydrocephalus.
11 31 Male Mild hemiplegia.
12* 32 Female Deaf + impaired fine motor control. Aqueductal stenosis requiring shunt..
s ing.
13 33 Male Quadriplegia + myoclonic epilepsy. Cortical Atrophy.
14 27 Male Microcephalic. Bilateral I.V.H. and cerebral atrophy.
15* 26 Female Transient dystonia. Small sub-ependymal cyst, head of
caudate nucleus.
16* 32 Male Transient dystonia. Normal ultrasound.
could delay the initial examination.
However in only 7 infants was this
postponed to 34 weeks PMA. The ex-
aminations of 96 infants were recorded
between 3 to 9 times during the study
period of 30 to 38 weeks; the remaining
9 were documented twice.
Assessment Procedure for ATNR
Examination
The infant was gently rolled to
supine. The lower limbs had room to
move into full extension, free from
plantar stimulation. The end of the cot
or rolled covers could stimulate the
flexor withdrawal or positive stance re-
action in infants with a low threshold
reflex response. The examiner turned
the infant's head, alternately to the
right and the left, to the full side
position on the mattress. The head was
maintained in each side position for
about 4 seconds to allow for any latency
in the movement response. The ex-
aminer was careful not to flex the in-
fant's head forward as the subsequent
extensor movement .could stimulate a
Moro response. The effect on limb pos-
ture was then documented. Continued
observation of a positive response for
a full minute established the infant's
ability to vary the extended limb po-
sition by .flexion while the head re-
mained rotated. In addition, the effect
of active head side turning on the limb
was observed during the infant's spon-
taneous movements in state 4.
An increase in lower .limb extension
resulting in a change of posture of the
ipsilateral leg was the most usual
response to turning of the head.
Although an increased resistance to
passive flexion of the upper limb could
frequently be felt,a consistent response
altering the arm posture was not
observed. Observations were recorded
using word abbreviations. Analysis of
the components of the movement re-
sulted in the following 7 grades of
movement of the ipsilateral leg. Only
grades 3 to 7 were classified as apos-
itiveresponse. Grade' lwas not con-
sidered asa response.
I. No change in posture.
2. A slight increase in extension oc-
curring occasionally and therefore
inconclusive.
3. (a) A moderate increase in exten-
sion, not strong enough to
cause full knee.extension.
or (b) A resting posture of extension
sustained while the infant
remained in state 3.
4. A consistent response of full knee
extension, however this varieddur-
ing spontaneousmovements~
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5. A strong extensor response with full
knee extension (without associated
foot movement) imposed with each
side turning of the head.
6. As above with an inconsistent as-
sociated movement of foot plantar
flexion and inversion.
7.. An,imposable response of strong leg
extension accompanied by foot in-
version and plantar flexion - this
synergy of movement was sustained
and not varied during spontaneous
movements while the head' remained
rotated..
development to 2 years always fell
within the normal range. The data for
this group were considered separately.
The data for the 16 infants of the ABN
group were then contrasted to the nor-
mal group.
Infants with Normal Motor
Development to 2 Years
The percentages of each grade of
response for th~ normal infants at the
post-menstrual ages of 30 to 38 weeks
are shown in Figure 1.. There was no
consistent age at which each response
occurred. At each age some infants did
not show .a movement response, ie a
grade 1 was scored. ·At 31 weeks only
29 per cent had a positive response
(grades 3-7). This percentage increased
to 81 per cent at 38 weeks. Grade 6
was first seen at 31 weeks. However,
the sustained imposable grade 7 was
an infrequent response seen in only 4
infants .. It was seen in 2 infants at one
assessment only, in a third at 34 and
35 weeks and in the fourth infant at
34 and 37 weeks but not at intervening
or subsequent occasions.. This response
was never seen after 37 weeksPMA in
infants with norrnaldevelopment.
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Statistical Analysis
'The results at preterm age for the
later normal and abnormal infants were
considered separately. Statistical analy-
sis comparing the two groups was made
using the Fischer's exact probability
test, chi-squared analysis (for incidence
between groups) and the Mann-Whit-
ney U test.
Follow-Up Development
Post-discharge, development was
assessed at 4 montWy intervals (which
varied for the convenience of the
parents) until at least 2 years of age ..
Follow-up age was adjusted for pre-
maturity .. Follow-up assessment in-
cluded full medical, developmentaIand
motor ,examinations. Infants who
showed development outside the range
of usual were referred for physio-
therapy treatment and were therefore
not included in the normal group.
Those who showed significant neuro-
muscular dysfunction were referred for
a paediatric neurological opinion.
For the purpose of this study of
preterm assessment, the follow-up de-
velopmentwas used only to separate
the infants into normal and abnormal
groups.
Results
The motor responses to the ATNR
were recorded on 462 separate occa-
sionsat the post menstrual ages of 30
to 38 weeks. As indicated earlier there
were 89 of the 105 infants whose motor
Numbers in brackets show the number of assessments documented at each PMA.
Figure 1: The percentage of infants with normal motor o,utc,.om,e demonstrating
each score (grade) of movement response at the post..menstrualages of 30..38
weeks. Grading of the ATNR was from no response (grade 1) to the imposable leg
and foot response (grade 7)..
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100
ATNR
60 .....
the age of response. The earliest age a
grade 7 was documented was at 32
weeks - in infant number 10. This
infant was next examined at 35 weeks
and again the response dominated
movement. At 35 weeks, 5 infants
scored a grade 7. Two were discharged
at this age. In the subsequent exami-
nations of the infants numbered 2, 9
and 15, the grade 7 persisted. Infants
12 and 16 first scored a 7 at 38 weeks
and this persisted to 41 and 42 weeks
respectively. Even in these infants a
consistent alteration of upper limb pos-
ture was not observed with each turn-
ing of the head to the side.
The synergic grade 7 response was
seen in6 of the 13 infants with .cerebral
palsy, and 2 of the 3 other infants
classified as abnormal development.
When the incidence in these groups was
compared to the incidence of infants
with normal ·development, (4 out of
89), the grade 7 responsewassignifi...
cantly lower in the normal group
(p < 0.001, Fischer's exact test).
When the sex distribution between
the two groups was contrasted there
was no significant difference (Chi-
squared analysis). However there was
a difference in gestational age between
the groups (median of 31 weeks in·the
normal versus 27 weeks in the abnor-
mal group). This was statistically sig-
nificant- p<O.OO5 (Mann-WhitneyU
test).
Subsequent
Abnormal
Motor
Development
n= 16
incidence between the groups was also
not significantly different.
The percentage incidence of grade 7
at the ages of 32 to 41 weeks is shown
in Figure 4. In the ABN group this
response was seen in one infant at 32
weeks. Grade 7 was only seen after 37
weeks in the abnormal group. Table 2
asterisks the ABN infants with a grade
7. Table 3 identifies numerically the 8
infants asteriskedt in Table 2 and lists
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Comparison with Abnormal
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- The percentage incidence of no
response (grade 1) is compared in the
groups at the post-menstrual ages of
30 to 38 weeks in Figure 2. Statistical
analysis showed no significant differ-
ence fn\ the incidence between the
groups. i
Figure 3 compares the incidence of
a positive response (grades 3-7). The
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38 weeks PMA. The infants subsequently abnormal are contrasted to those with
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Discussion
No longitudinal studies to analyse
and grade the ATNR response at pre-
term age have been located. The three
factors of 1. Age of development of
ATNR; 2. The limb movement to the
response; and 3. The intensity of tne
response are considered separately.
1. Age of Development
The study did not find a consistent
gestational age for any grade of ATNR
response in the infants with subsequent
normal development. Robinson (1966)
also noted a weak correlation of the
ATNR with age. Minkowski (1921)
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ATNR Lacey et af (1985) quantified the
marked caudocephalic maturation at
preterm age by a comparison of upper
to lower limb resistance to passive
movement. It is possible that at pre-
term age the muscle strength of the
upper limb maybe too weak to cause
an extensor movement response in the
arm. Schulte (1978) found that electro-
myographic actively occurred with the
ATNR even when there was not a
movement response in normal new-
borns.
3. Intensity Of Response
Previous .studies 0 f the preterm
ATNR have found differences in the
intensity of the response. Forslund and
Bjerre (1983) found the response at
term-equivalent age easier to elicit in
preterm infants than the new born full-
term infants. Brandt (1979) found a
trend to a more positive reaction with
increasing age but it was easy to sur-
mount in most infants. While Kurtz-
berg et at (1979) found no infant with
sustained tonic neck reflexes, Saint
Anne Dargassies (1977) states that the
response is so intense it causes a
catatonic posturing. In the present
study, as term equivalent age was
approached, recurring sustained post-
uringwas seen only in infants with
subsequent abnormal development.
Capute et af (1984) quantified the
strength of the ATNR response in five
groups for a follow-up study of full-
term infants, and stated that the
strength of reflex activity can be pre"
dictive of motor disability. Touwen
(1979) lists the ATNR posture which
is not overcome spontaneously.as an
alarm sign for full-term infants. In this
present study and an earlier study
(Butcher-Puechetal, 1985) an impos-
able, synergic ATNR was associated
with later motor abnormality.
The effect of behavioural state on
reflexes and movements in term infants
has been well documented and reviewed
(prechtl 1974). This information rein..
forces the importance of stabilization
to an alert, awake state for longitudinal
neonatal assessment. While stabiliza-
Subsequent
Abnormal
Motor
Development
n= 16
Normal
Motor
Development
n=89
Not even in infants responding with a
grade 7 were the four limbs seen to be
'involved. Carter and Campbell (1975)
and Michaelis et at (1976) also found
the response more easily elicited in the
lower limbs of preterm infants.
Although, in full term infants, a more
consistent response of the lower limb
was •noted by Marinelli (1983) Prechtl
and Beintema (1964) and Vasella and
Karlsson (1962), Marinella (1983) pos-
tulates that this is due to caudocephalic
maturation of muscle tone. Previously
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Figure 3: The percentage of infants with a lower limb movement response to the
ATNR at 30..38 weeks PMA. The infants subsequently abnormal are contrasted to
those with normal development.
described the appearance of this re-
sponse as early as 20 weeks gestation
in aborted foetuses. While Gesell and
Ames (1950) and Brown (1974) state
the reflex is evident at 28 and 32 weeks,
Saint Anne Dargassies (1977) found it
'complete at 35 weeks post concep..
tional age.'
2.. Limb Movement
A movement response, when pres-
ent; occurs in the ipsilateral lower limb.
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Observation andmovement.analysis of
the ATNR reflex isa suitable item of
assessment as it conforms to a minimal
handling protocol. A recurring, syner-
gic ·grade 7 was an uncommon finding
in infants with subsequent normal mo-
tor outcome. However, such a response
was seen in 8 of the 16 infants with
later abnormal motor development >and
in 5 of these infants, the response dom-
inated movement after 37 weeksPMA.
This suggests that the ATNR, when
included in the longitudinal assessment
of thepreterm infant, could identify a
group of· infants at risk of motor de-
velopment outside the range of normal.
Such identification would allow a
physiotherapy programme of infant
handling and ·positioning as ·well as
supportive advice to the parents to be
commenced ata very early age.
This study showed it was not the
presence or absence of the ATNR re...
sponse which was associated with sub-
sequent abnormal development but the
dominance of movement by the reflex.
This suggests that not only should the
reflex be included in the neurological
assessment of the preterm infant but a
movement analysis should be used to
grade the response. In future research
3 grades may be appropriate.
I. No response.
2. A movement response which the
child could vary during spon-
taneous movements.
3. A sustained response which did not
vary while the head was rotated to
theside---- ie a response which dom-
inated the infants movements.
The observation and analysis of the
quality of a movement response to the
ATNR reflex can be used as part of
the assessment of preterm infants.
Normal
Motor
Development
n=89
Subsequent
Abnormal
Motor
Development
n=16
Conclusion
Infants born at low gestational age
(less than 34 weeks) can be neuro-
logically assessed while in the intensive
and/or special care nursery when strict
standardization criteria are observed.
.emphasizes that the crying infant
should not be soothed by a dummy in
any movement study.
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tion to an awake state, breathing inst-
ability in supine, and ventilatory sup-
port can delay the· initial assessment of
the preterm infant, all infants in this
study were assessed at least twice prior
to 38 weeksPMA.
The postural response of the four
limbs, when feeding, has been noted
to be present in the very young pre...
term infant at 28 to 33 weeks PMA
(Casaer etal 1982). This finding
Figure 4: The percentage of infants showing an examiner imposable synergic
response (grade 7) <at 32-41 weeks PMA. The infants who were sUbsequently ab-
normal are contrasted to those with normal motor development
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Infant PMA (weeks) of Grade 7 PMA(weeks) at Discharge
(Infants 7 and 10 were discharged at 35 weeksPMAso the response
could not be examined subsequently to the standardized environmental
criteria of the special care nursery in these 2 cases).
Table 3:
Abnormal infants identified numerically and asteriskedin Table 2 with
post-menstrual age (PMA) of incidence of grade 7 ATNR response.
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